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Executive Summary
The purpose of this experiment is to compare the efficiency of four different filter media
with two different drainage channel materials when filtering out aerosolized oil. The
filter media include 2 micron stainless steel fibers, 6.5 micron stainless steel fibers, 2
micron woven glass fibers, and 6 micron woven glass fibers. The drainage channel
materials are 500 micron Teflon (PTFE) and nylon mesh.
One major application that this research is targeted towards is air compressors. Air
compressors use lubricating oil to minimize wear and corrosion. During operation some
of this lubricating oil is aerosolized into the outgoing air stream. Inhalation of the
aerosolized lubricating oil could potentially result in concentrations in the body high
enough to cause respiratory irritation and other effects [2]. Filtering the oil out, allowing
it to drain and recirculate back to the compressor will also help to reduce the oil loss in
the compressor, reducing the amount of preventative maintenance required.
Another significant aspect of this project is to test alternative filter media. Recent
awareness of potential side effects man made mineral fibers (MMMF) which contain
silica have raised concerns about the production and usage of woven fiberglass filter
media. This experiment tests woven stainless steel filter media which could be a
potential alternative to fiberglass should restrictions be put into place on the production
and usage of fiberglass filter media.
The experiment was conducted using the experimental setup in ASEC 81 C. The setup
utilizes compressed air to aerosolize lubricating oil and pass it through the filter media.
A scanning mobility particle sizer which uses an electrode to separate droplets of
particular size and a condensation particle counter were used to detect the change in
concentration of droplets across the filter. The pressure drop across the filter was also
recorded. These values were used to generate quantities called the filter efficiency and
filtration index. Filter efficiency is dependent on the concentration gradient and the
filtration index incorporates the filter efficiency as well as pressure drop across the filter.
At smaller fiber diameters the change in drainage material did not significantly affect the
efficiency or filtration index. The exception to this is the nylon run. One potential
explanation for this is the highly wetting nature of nylon towards oil [1]. As these were
the first set of experiments run, it may be better to attribute these results to inexperience
operating the experiment.
At larger fiber diameters the change in drainage material resulted in a more dramatic shift
in efficiency, pressure drop and filtration index. The nylon as previously stated has a
higher wettability than the Teflon. It would appear from the data that the lower
wettability of Teflon allowed the filter media to drain more easily and achieve higher
efficiencies with a lower pressure drop.
Comparing small fiber sizes to large fiber sizes it was seen that the efficiencies of the
small fibers were roughly comparable for stainless steel, but with a much higher pressure
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drop and lower filtration index with the 2 micron fibers. This is due to the capillary
forces that were discussed previously which causes the filtration media to compress,
decreasing the porosity and increasing the pressure drop. The efficiencies of the 2
micron glass fibers were higher than the 6 micron fibers, but with an increased pressure
drop and lower filtration index due to the smaller pore size.
With regards to this project further trials are recommended using greater variations in
filter material, drainage material, and different dimensions of both. This trial is largely
limited due to the amount of time it takes to run each experiment which was typically a
little over four hours.
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Introduction
The purpose of this experiment is to compare the efficiency of four different filter media
with two different drainage channel materials when filtering out aerosolized oil. The
filter media include 2 micron stain
stainless
less steel fibers, 6.5 micron stainless steel fibers, 2
micron woven glass fibers, and 6 micron woven glass fibers. The drainage channel
materials are 500 micron Teflon (PTFE) and nylon mesh. This experiment is part of a
larger overall trial being run by the graduate student Gabriel Manzo.

Background
In this experiment oleophilic materials with a high surface energy are being used to
capture lubricating oil that has been aerosolized. The high surface energy of the material
allows it to capture the aeroso
aerosolized
lized oil. Large droplets coalesce inside the filter media
and drain out via gravity. These large droplets block the pathway for the gas to flow
through the filter media creating a high pressure drop. To alleviate this problem the filter
media is augmented
ted with mesh made from low surface energy, or oleophobic, material.
This allows the captured oil droplets to drain more easily reducing the pressure drop
across the filter.

Figure 1:: Layered media without drainage channels compared to layered media with drainage channels [1]

Two drainage channels are being compared in the experiment with different levels of
wettability. They are 500 micron nylon mesh and 500 micron Teflon mesh.

Figure 2: Microscope images of Nylon mesh (left) and Teflon mesh (right) [1]
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The two mesh materials have similar dimensional properties with the same fiber size,
pore size, and thickness. Teflon, however, has roughly double the permeability of nylon
and significantly higher contact angles with the testing oil, Sullube-32. This means that
the Teflon mesh has significantly lower wettability than nylon.
Table 1: Pore size and air flow permeability [1]

Material

Nylon [18]
PTFE [18]

Fiber Size
(µm)
610
610

Avg. Pore Size
(µm)
500
500

Thickness
(µm)
610
610

Air Permeability
(m2)
3.39E-10
8.67E-10

Table 2: Wettability properties [1]

Material
Nylon [18]
PTFE [18]

Sullube-32 Contact Angle (deg)
Flat Surface Fibrous Surface
4
6
95
125

One major application that this research is targeted towards is air compressors. Air
compressors use lubricating oil to minimize wear and corrosion. During operation some
of this lubricating oil is aerosolized into the outgoing air stream. Inhalation of the
aerosolized lubricating oil could potentially result in concentrations in the body high
enough to cause respiratory irritation and other effects [2]. Filtering the oil out, allowing
it to drain and recirculate back to the compressor will also help to reduce the oil loss in
the compressor, reducing the amount of preventative maintenance required.
Another significant aspect of this project is to test alternative filter media. Recent
awareness of potential side effects man made mineral fibers (MMMF) which contain
silica have raised concerns about the production and usage of woven fiberglass filter
media. This experiment tests woven stainless steel filter media which could be a
potential alternative to fiberglass should restrictions be put into place on the production
and usage of fiberglass filter media.

Hypothesis
It is hypothesized that using Teflon as the drainage material will result in higher
efficiency and a lower pressure drop than the nylon drainage material. Teflon has a lower
wettability than nylon which should allow more droplets to drain from the filter media.
It is also predicted that the 2 micron filter media will capture more oil, but will likely
have a higher pressure drop than the larger filter media. The 2 micron filter media has a
higher surface area than the 6 micron filter media which equates to more area to capture
Page 4

oil. However the 2 micron filter media also has a lower porosity, which should result in a
higher pressure drop.
Looking at the previous research done in this project, it appears that the surface tension
from the oil causes the stainless steel filter media to compact [2]. This will decrease the
porosity, and should also create a larger pressure drop when compared to the woven glass
fiber media.

Materials
Experimental Setup
5

6

2

Compressed
Air
1

3

4

Laskin
Nozzle

Filter
Container

7

Pressure
Sensor

SMPS

Figure 3: Experimental setup in ASEC 81C

Valves:
1. Vent for compressed air
2. Allows compressed air into system
3. Vent for Laskin nozzle
4. Allows air and aerosolized droplets into system
5. Air sample line for SMPS
6. Upstream sample line for SMPS
7. Downstream sample line for SMPS
Compressed air is fed from the tank. It travels along two pathways. The first proceeds
straight to the filter container. The second travels to the Laskin Nozzle and aerosolizes
the Sullube-32. The aerosolized oil then rejoins the first stream and travels through the
filter. There are sample points before and after the filter. One set of sample points
connects to the pressure sensor and reports the pressure drop across the filter. Another
set of sample points connects to the SMPS machine which is used to measure the
concentration of droplets in different portions of the system.
SMPS Machine
The Scanning Mobility Particle Sizer (SMPS) measures the size and concentration of
droplets in the different test streams. A SMPS uses a Differential Mobility Analyser
(DMA) and a Condensation Particle Counter (CPC) to conduct measurements. The
DMA consists of a cylinder with a charged rod at the center. As the sample stream is fed
into the cylinder particles of a certain size interact with the charged field created by the
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rod and exit out the sample slit [3]. The rest of the sample stream flows out through a
bypass. The droplets then go to the CPC which uses a supersaturated vapor stream of
butanol which condenses onto the airborne oil droplets allowing them to be detected by
an optical detector [4].
Stainless Steel Fiber Media
The stainless steel filter media were provided by Bakaert. The filter media are made of
nonwoven 316 stainless steel with fiber diameters of 2 and 6.5 micron.
Fiberglass Filter Media
The fiberglass filter media are from Hollingsworth and Vose. The 6 micron filter media
were cut from sheets of fiberglass material. The 2 micron filter media were made from
loose fibers in solution with corn starch and a binder (Megasol® S50) and formed in a
sheet former.
Nylon Mesh
500 micron pore size nylon mesh
Teflon Mesh
500 micron pore size Teflon mesh
Sullube 32
Sullube 32 is a common lubricant used in air compressors produced by Sullair.

Experimental Procedure
Forming 2 Micron Fiberglass Filter Media
To form the 2 micron fiberglass filter media 5 grams of loose 2 micron glass fibers were
measured. A 6 liter bucket was filled with filtered water. A DC motor and plastic
agitator was used to mix the water. While the agitator was running small amounts of
fibers were dropped into the bucket. This was to prevent large clumps from forming.
After all the fibers had been deposited in the bucket half a gram of corn starch was added
to the solution. The mixture was left under agitation for roughly half an hour. After half
an hour 5 mL of the Megasol S50 binder were added to the mixture and it was mixed for
an additional half an hour. Following this, the mixture was poured into the sheet former
and mixed using the plunger. The former was drained of liquid leaving the filter media in
a sheet. This sheet was then placed in an oven to dry. The filter media was then cut out
of these larger sheets.
Running the Experiment
At the beginning of the experiment the weight of the drainage media and filter media are
measured. The filter media are then placed inside the filter container in the system which
was bolted in place. Making sure all the vents (Valves 1 and 3) are closed the valves for
the compressed air and Laskin nozzle are opened (Valves 2 and 4). The system is then
allowed to pressurize to 50 psi. The SMPS is turned on, and set to panel control with a
sheath flow rate of 2 liters per minute. When the system reaches pressure the initial
pressure drop is recorded. The sample line connected to valve 5 is connected to the
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SMPS and the valve is opened. The rotameter for this line is set at 70 to ensure laminar
flow for the sheath flow for the SMPS. After 30 minutes the sample line connected to
valve 7 is connected to the SMPS. The valve is opened with the rotameter set to 60. A
measurement is taken of the concentration of particles downstream of the filter. After
this completes valve 7 is closed. It is important to allow the particle counter to reach 0
before continuing. Following this, the sample line for valve 7 is removed, and replaced
with the sample line for valve 6. The valve is opened and the rotameter is set at 70. A
measurement is then taken for the upstream concentration, and the valve is closed. The
downstream is measured first to prevent a false high reading due to residual droplets left
in the SMPS. Similarly the flow rate is set slightly lower for the downstream
measurement to prevent the occurrence of negative efficiencies. These measurements are
taken every half hour for the duration of the experiment which is four hours.

Calculations
The majority of calculations were performed in Microsoft Excel. The concentrations and
pressure drops were recorded from the SMPS application and logged into a spreadsheet.
Points for calculation were taken from when it was observed that the system had reached
steady state, indicated by little or no change in the pressure drop. Two primary factors
were calculated, the filter efficiency and filtration index. The efficiency compares the
concentration downstream of the filter to the concentration upstream of the filter.
Filtration index creates a value to compare how filters preform incorporating both the
efficiency and the pressure drop.

  1

Equation 1: Filter Efficiency

 

 
∆

Equation 2: Filtration Index
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Results and Discussion

Figure 4: Comparison of efficiency and filtration index with different media and drainage material

The efficiency and filtration index can be seen in Figure 4 with numerical values reported
in Table 3. Comparing first the 2 micron stainless steel media to the 2 micron glass
media it can be seen that the filter efficiency for the glass media is significantly higher
than that of the stainless media. However looking at the data table the glass filter media
has a much higher pressure drop than the stainless steel media. This results in the glass
media having a lower filtration index than the stainless media. This trend is roughly
repeated comparing the 6 micron glass media to the 6.5 micron stainless media. The
combination of 6 micron glass media with the nylon drainage material surprisingly
actually has a lower efficiency than the stainless media though. Looking at the
comparison of the nylon drainage material to the Teflon drainage material the data shows
that the Teflon drainage material consistently has a higher efficiency, lower pressure
drop, and therefore high filtration index than the nylon drainage material. The only
exception to this is in the comparison of the trials with the 2 micron glass material where
the efficiency is higher with the nylon material, but the filtration index is still higher with
the Teflon.
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Table 3: Comparison of efficiency, pressure drop, and filtration index with different media and drainage
material

Fiber Size
(µm)
2
2
2
2
6
6
6.5
6.5

Fiber
Material
SS
SS
Glass
Glass
Glass
Glass
SS
SS

Drainage
Material
Nylon
Teflon
Nylon
Teflon
Nylon
Teflon
Nylon
Teflon

E
Avg.
0.52
0.77
0.95
0.92
0.51
0.80
0.64
0.76

σ
0.15
0.04
0.03
0.04
0.03
0.03
0.03
0.04

dP (kPa)
FI (kPa-1)
Avg.
σ
Avg.
σ
2.76 0.78 0.26 0.18
4.00 1.42 0.36 0.14
18.12 12.48 0.17 0.12
10.52 5.29 0.25 0.13
1.58 0.14 0.44 0.07
1.58 0.54 1.01 0.37
0.28 0.00 3.69 0.18
0.28 0.00 5.17 0.19

Conclusion
According to this trial it would appear that the optimal combination of filter media and
drainage material would be 6.5 micron fibers stainless steel using the 500 micron pore
size Teflon drainage material. This combination resulted in the highest filtration index of
the samples tested.
At smaller fiber diameters the change in drainage material did not significantly affect the
efficiency or filtration index. The exception to this is the nylon run. One potential
explanation for this is the highly wetting nature of nylon towards oil [1]. As these were
the first set of experiments run, it may be better to attribute these results to inexperience
operating the experiment.
At larger fiber diameters the change in drainage material resulted in a more dramatic shift
in efficiency, pressure drop and filtration index. The nylon as previously stated has a
higher wettability than the Teflon. It would appear from the data that the lower
wettability of Teflon allowed the filter media to drain more easily and achieve higher
efficiencies with a lower pressure drop.
Comparing small fiber sizes to large fiber sizes it was seen that the efficiencies of the
small fibers were roughly comparable for stainless steel, but with a much higher pressure
drop and lower filtration index with the 2 micron fibers. This is due to the capillary
forces that were discussed previously which causes the filtration media to compress,
decreasing the porosity and increasing the pressure drop. The efficiencies of the 2
micron glass fibers were higher than the 6 micron fibers, but with an increased pressure
drop and lower filtration index due to the smaller pore size.
There were some potential sources for error. The first was that all of the filter media
except the 2 micron glass fibers were industrially produced, probably in large quantities
with good consistency. The 2 micron media was made in the lab with probable
Page 9

inconsistencies between each batch. Often times the fibers tended to clump together
which could alter how the sheet is formed. Another issue is that operating the motor at
higher speeds could break apart the fibers, creating shorter fibers which would decrease
the porosity and result in a higher pressure drop.
Another potential issue derives from the SMPS machine. The machine would often
report a fault. After the fault was resolved the next measurement or couple of
measurements would sometimes break the trend that was seen in the previous set of
measurements.
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